Purpose. To compare the extent of cage subsidence after anterior cervical discectomy and fusion (ACDF) using a cage alone or combined with anterior plate fixation, and to assess the effect of end plate removal on cage subsidence. Methods. Records of 23 men and 13 women aged 32 to 82 (mean, 54) years who underwent ACDF for 61 levels using the Solis cage alone (n=46) or combined with anterior plate fixation (n=15) were reviewed. The extent of cage subsidence was determined by comparing immediately postoperative (within one week) with final follow-up radiographs. Cage subsidence was defined as the sum subsidence of the superior and inferior part of the cage into the vertebral body. Mild and major cage subsidence was defined as ≤2 mm and >2 mm, respectively. Results. Patients who underwent ACDF using a cage alone or combined with anterior plate fixation were comparable in terms of age, gender, followup duration, and number of levels decompressed. Cage subsidence occurred in 33 (54%) of the 61 levels Cage subsidence after anterior cervical discectomy and fusion using a cage alone or combined with anterior plate fixation
decompressed. In the cage alone group, the extent of cage subsidence was greater (1.68 vs. 0.57 mm, p=0.039) and the rate of major cage subsidence was higher (28% vs. 7%, p=0.08). The inferior part of the cage was more vulnerable to subsidence compared with the superior part (median subsidence: 3.0 vs. 1.4 mm, p<0.0001). Cage subsidence occurred more often when the end plate was removed rather than preserved (58% vs. 18%, p<0.002). Conclusion. The extent of cage subsidence was greater after ACDF with cage alone. Cage subsidence occurred more often when the end plate was removed. Additional anterior plate fixation is recommended when the end plate is removed.
anterior plate fixation increases the fusion rate, particularly for multilevel ACDF. 1 The use of a cage alone or combined with anterior plate fixation achieves comparable outcomes while avoiding the morbidity associated with harvesting bone grafts. [3] [4] [5] Nonetheless, cage subsidence has been reported when anterior plate fixation is not added. 6 This study compared the extent of cage subsidence after ACDF using a cage alone or combined with anterior plate fixation, and assessed the effect of end plate removal on cage subsidence.
Materials and Methods
Out of 56 patients, records of 23 men and 13 women aged 32 to 82 (mean, 54) years who underwent ACDF for 61 levels using the Solis cage (Stryker) alone (n=46) or combined with anterior plate fixation using the Synthes locking plate (n=15) between 2007 and 2009 were retrospectively reviewed. The remaining 20 patients without baseline or more than 3-month follow-up imaging, or with uninterpretable imaging were excluded.
The extent of cage subsidence was determined by comparing immediately postoperative (within one week) with final follow-up radiographs using the IMPAX software. Cage subsidence was defined as the sum subsidence of the superior and inferior part of the cage into the vertebral body. The C2 vertebral width was measured on a preoperative magnetic resonance image and each postoperative radiograph in order to determine the magnification, which was used for adjustment of the cage subsidence measurement ( Fig.) . Mild and major cage subsidence was defined as ≤2 mm and >2 mm, respectively.
Patient age of the 2 groups was normally distributed and compared using the unpaired t test. Other variables of the 2 groups were not normally distributed, and the medians were compared using the Mann-Whitney U test. Prevalence between the 2 groups was compared using the Pearson Chi-squared test. A p value of <0.05 was considered statistically significant.
results
Patients who underwent ACDF using a cage alone or combined with anterior plate fixation were comparable in terms of age, gender, follow-up duration, and number of levels decompressed (Table) .
Cage subsidence occurred in 33 (54%) of the 61 levels decompressed. In the cage alone group, cage subsidence occurred more often (but not significantly) [61% vs. 33%, p=0.06], and to a greater extent (1.68 vs. 0.57 mm, p=0.039). Major cage subsidence (n=14) occurred more often in the cage alone group (28% vs. 7%, p=0.08); 11 and 2 levels had >2 mm subsidence in the inferior and superior part of the cage, respectively (median subsidence: 3.0 vs. 
Table Patient characteristics and outcomes after anterior cervical discectomy and fusion (ACDF) using a cage alone or combined with anterior plate fixation
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Method to adjust cage subsidence measurement to allow for magnification.
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Subsidence allowing for magnification: Subsidence x Y/X p<0.0001); the remaining one level had a sum of >2 mm subsidence in both parts of the cage. Cage subsidence occurred more often when the end plate was removed rather than preserved (58% vs. 18%, p<0.002). Nonetheless, this may be due to the higher rate of end plate removal in the cage alone group (59% vs. 33%, p=0.09).
discussion
Cage subsidence is defined as the change in segmental height (vertical height from the superior margin of upper vertebral body to inferior margin of inferior vertebral body) [7] [8] [9] [10] [11] or cage subsidence into the vertebral body. 3, 12 The rate of cage subsidence after ACDF with a cage alone has been reported to be 31.8% (when defined as ≥3 mm change in segmental height), 10 32.3% (when defined as >3 mm change in interbody space), 7 22% (when defined as >2 mm cage subsidence into the vertebral body), 3 42% for Solis cage subgroup (when defined as >2 mm cage subsidence into the vertebral body), 12 and 56% (when defined as >3 mm loss of anterior/posterior disc height). 6 Nonetheless, one study reported no cage subsidence when defined as >10% change in ratio of disc height to total vertebral height (from superior end plate of superior vertebra to inferior end plate of inferior vertebra). 13 Another study used the Solis cage and reported 8% subsidence rate (when defined as >3 mm total interverterbral height) after a mean follow-up of 18.9 months. 8 One other study reported 14.9% (when defined as ≥3 mm subsidence). 9 Subsidence usually occurs within 3 months and does not progress thereafter. 14 The mean disc height increases initially after ACDF with a cage alone, 12, [15] [16] [17] and subsequently decreases to above 15 or below 12, 16, 17 the preoperative value. Excessive distraction should be avoided as it is a risk factor for subsidence. 9 Additional anterior plate fixation has been reported to reduce the cage subsidence rate to 9.6% to 30%. 7, 10, 11 In a study comparing ACDF using a cage alone versus combined with anterior plate fixation, the subsidence rate was 32% and 10%, respectively, when subsidence was defined as >3 mm change in segmental height. 7 However, another study reported the respective cage subsidence rate to be 31% and 30%. 10 The fusion rate is higher and the time to fusion is shorter after ACDF with a cage combined with anterior plate fixation, compared with ACDF with a cage alone. 11 This is important as fusion significantly improves neck pain. 1 Disadvantages of plating include greater soft tissue dissection, a small increase in complication rate, 11 and higher cost.
Risk factors for cage subsidence include a smaller anteroposterior cage diameter, cage placement toward the posterior aspect of the vertebral body, and a smaller cage surface area resulting in reduced end plate coverage. 9, 14 The latter may be due to the higher contact stress from the smaller cage surface area and the lower yield load of the central part of the end plate compared with the periphery. 18 Larger intraoperative distraction may also lead to subsidence, 9 although this is not a universal finding. 14 Cage subsidence may be reduced by preserving the end plate, as load to failure decreases significantly when the end plate is removed. 19 Computed tomography-measured vertebral trabecular bone density correlates with end plate yield load 18 ; consequently it may be possible to predict those at risk of cage subsidence. However, biomechanical studies have shown that load to failure/yield load is associated with bone mineral density but not end plate thickness. 18, 19 In our study, the inferior part of the cage sank significantly more than the superior part. This finding was also observed in another study. 12 Nonetheless, in biomechanical testing, the yield load was comparable between the superior and inferior end plate. 18 There were limitations to our study. It was retrospective and the number of patients was small. Radiographs were not taken at multiple time points to determine the timing and progress of subsidence. Clinical outcome was not assessed. Nonetheless, radiographic outcome has been associated with clinical outcome using the Odom's criteria, 12 although it is not a universal finding. The small number of patients prevented assessment of the relative effect on subsidence of other factors such as osteoporosis, relative cage size, amount of distraction, mode of plate (dynamic vs. rigid), and number of levels. The higher rate of cage subsidence in the cage alone group may have been due to the confounding effect of a higher rate of end plate removal.
conclusion
The extent of cage subsidence was greater after ACDF with cage alone. Cage subsidence occurred more often when the end plate was removed. Additional anterior plate fixation is recommended when the end plate is removed.
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